Introduction
Biosensors, in general, translate a chemical or biochemical interaction into a signal, eg., voltage, current, absorbance, etc. The sector is very dynamic, continuously evolving and well-established, almost in all continents, with remarkable infrastructure and human potential. To no surprise, most research teams were fast to adopt nano-tools, processes and concepts in order to solve their technology problems and optimize their product. Yet, size reduction to nano-dimensions is neither straightforward nor problem-free. The fabrication of sensor sub-systems or materials with nanometers sizes may be adequately addressed with nano-manufacturing strategies (e.g., selfassembly or 3D printing), but the efficient communication between these subsystems might prove to be tricky. Biosensors have a large number of applications in food analysis and environmental monitoring and provide distinct advantages as compared to liquid and gas chromatographic techniques such as fast response times, portability, high sensitivity and selectivity, very small preparation of sample, etc. There is a clear difference between the multiple-use and single-shot because the latter characterizes the devices that are used only for one test.
Nanosensing currently involves many research areas, of which the most important are the field of nano-material-based bio-and chemical sensors. The use of nanomaterials has harmonized the scale between biological species and transduction platforms, thus resulting in the development of devices with higher rates of information flow. The range of strategies, architectures and materials for biomedical sensing, for example increased drastically to include non-enzymatic catalysis schemes and enzyme wiring. Therefore, the number of affordable devices has increased tremendously and have been integrated into systems for market applications.
These applications include a large number of food toxicants and environmental pollutants, such as cholera toxin, aflatoxin M1 and B1, saxitoxin, carbamates, arochlor 1242, hydrazines, naphthalene acetic acid (NAA), doping materials (such as dopamine, adrenaline and ephedrine), urea, uric acid, etc. Since Mueller's et al. work on bilayer lipid membranes (BLMs) [1] , the number of biosensor devices based on lipid films for applications in food toxicants detection or environmental pollutants monitoring has tremendously increased. However, the so called "black" lipid films produced were very fragile and were prone to electrical and mechanical breakage and were not stable outside an electrolyte solution. This has prohibited their practical applications. Recent advances in the preparation of stabilized lipid bilayer have resulted in lipid membrane based devices for the detection of a large diversion of toxicants and pollutants in real samples. Lipid membranes based biosensors represent an appropriate biocompatible structure with rapid response times, high sensitivity and selectivity, small size, portability, and offer many advantages compared with the bulky analytical instrumentation such as liquid chromatographic units. The new generation of stabilized lipid membrane nanosensors has the potential to develop site-specific monitors with respect to analytical performance, operational stability and response .
This work reviews the devices based on lipid films that were explored for applications in various fields of science such as for biomedical applications, food analysis and environmental monitoring. The chapter provides novel reports on the design and microfabrication of prototype lipid membrane nanosensing devices for the rapid in the field detection of food toxicants, environmental pollutants, for biomedical applications and the challenges that lie ahead.
Methods for preparation biosensors based on lipid films
Over the last two decades, a variety of techniques have been proposed for the construction of stabilized lipid membranes that are not susceptible to electrical or mechanical failure. Most of these techniques provide lipid membranes that are stable enough for practical applications, whereas their less than 1 µm size can describe the resultant devices as nanosensors.
These biosensors have been used for electrochemical experimentation and belong therefore in electrochemical biosensors. An exception is the development of stabilized polymerized lipid films on a filter paper that switch on and off their fluorescence and therefore belong to optical biosensors.
Below we provide an overview of the most common techniques for the preparation of mini-or nano-biosensors based on lipid membranes.
Metal supported lipid membranes
Tien and Salamon [2] proposed a simple and reliable technique for the preparation of stabilized bilayer lipid membrane (sBLM) using the freshly cut sBLMs have been fully characterized [2, 4, 5] . Device stabilization depends upon the diameter of the wires and the organic solvent used [4, 5] .
Wires of 0.25 mm diameter should be avoided due to increased sensor noise; the use of decane as a solvent should be also avoided as it enhances the tendency for "black" lipid membranes that do not provide reproducible results.
Hexane solvent and silver wires with diameters of 0.5 and 1.0 mm provide BLMs that are mechanically and electrically stable for over 48 hours.
Some attempts have been made to model the potential profile across sBLMs and the structure of the lipid layer that faces the metal surface. A plausible theory involves the interactions of oxygen atoms of the phosphate groups of the lipid headgroups with the silver ions in the metal lattice [6, 7] .
Transmembrane ion mobility can be attributed to the presence of chloride ions at the space between the metal and the inner lipid layer. There could be two sources for chloride ions: through the lipid film during the initial BLM stabilization process and through the partial wire insulation [4, 5] . Chloride would react with the silver metal to form silver chloride [4, 5] . Potentiometric experiments (against a Ag/AgCl reference electrode) [5] showed only small voltages (relative to a silver wire against a Ag/AgCl reference electrode) when the BLM had been removed using an organic solvent rinse. These results suggest that (a) the metal surface is possibly coated with a thin layer of silver chloride and (b) the lipid membrane actually consists of a network of nm-sized BLMs [8] .
Stabilized lipid films formed on a glass fiber filter
The preparation of stabilized lipid membranes supported on ultrafiltration glass fiber filters has been reported in the literature [9] and allowed several practical applications in real samples, such as the determination of aflatoxin M1
in milk and milk preparations [10] . The lipid membrane is formed on a microporous filter glass fiber disk (namely GF/F glass microfiber, 0.9 cm in diameter and 0.7 µm nominal pore size; Whatman Scientific Ltd., Kent, U.K.) [9, 10] .
The experimental set up which was used for the formation of these 
Polymer-supported bilayer lipid membranes
The preparation of polymer stabilized has been recently described in cm and nominal pore size of 0.7 µm) and irradiated using a UV deuterium lamp. Raman spectrometry and differential scanning calorimetry (DSC) were used to monitor the kinetics of the polymerization process. The measuring set up was similar to that presented in Fig. 2 . These membranes were stable in storage in air for repetitive uses.
Polymer lipid films supported on graphene microelectrodes
Graphene nanomaterials have been extensively experimented upon in an effort to seize their unique physicochemical properties: good sensing ability, excellent mechanical and electrical properties, enhanced thermal stability, large surface-to-volume ratio, improved biocompatibility, high electron-transfer rates, limited toxicity and bio-safety. Their implementation in electrochemical biosensing is quite beneficial as the large surface-area-tovolume ratio enables device size reduction and increases speed of using N-methyl-pyrrolidone (NMP) and mild sonication for 180 hours followed The procedure of construction of these devices is in brief as follows The enzyme, antibody or receptor ("receptor") was incorporated in these BLMs prior to polymerization by spreading 15 µL of the "receptor" suspension over the polymerization mixture. The filter-supported polymerized lipid film was then mounted onto the copper wire containing graphene nanosheets to produce the nano-device.
Applications of lipid film based biosensors in food analysis and environmental monitoring
The stabilized supported lipid membranes biosensors were used for the detection of pesticides through flow injection analysis (FIA) [18] . The typical pesticide studied was carbofuran. The analysis method was based on the degree of inhibition and reactivation of enzyme upon substrate injections. Carbofuran could be determined within the concentration range 10 −7 -10 −9 M.
Interference studies used proteins and lipids that can be typically found in foods. The results have shown no interferences from these compounds. The sensor has been implemented in various real food samples, such as fruits, vegetables and dairy products. The recovery ranged between 96% and 106%, indicating no interferences from the sample matrix.
A paper was reported in the literature using a synthetic "receptor" propazine, thus permitting the simultaneous detection and analysis of these triazines in mixtures.
A strategy was described in the literature that was based on monitoring of changes of ion current through a lipid film with immobilized DNA probes caused by interaction of these lipid membranes with hydrazine compounds [28] . A s-BLM that was consisted of egg PC was deposited on a silver metal electrode. The single stranded deoxyribonucleic acids used were thymidylic acid icosanucleotide terminated with a C-16 alkyl chain to assist incorporation into s-BLMs (dT20-C16), and deoxyadenylic acid icosanucleotide (dA20). These s-BLMs with incorporated DNA interact with hydrazines, and it is possible to monitor ppb levels of hydrazine, methylhydrazine, dimethylhydrazine and phenylhydrazine. This BLM/DNA biosensor showed a highly sensitive, selective, fast, and portable biosensor for monitoring these environmentally and toxicologically significant compounds. Biological membranes have been also studied. Eggshell, for example, was used for the immobilization of urease in a potentiometric urea device [36] .
Eggshell was treated with polyethyleneimine (PEI) to gain polycation properties. Urease was adsorbed on the PEI treated eggshell membrane. A SEM study was conducted in order to investigate the changes in surface morphology and an FTIR study was carried out to observe the changes in IR spectra after immobilization of the enzyme. The biosensor exhibited a sigmoidal response for a urea concentration range from 0.5 to 10 mM. The response time was 120 s. A single membrane could be used for 270 reactions without loss of activity. The urease-eggshell membranes were stable for 2 months when stored in buffer even at room temperature. A nanostructured electrochemical biosensor was developed for screening estrogenic substances using only the estrogen receptor (ER) [40] . The results have shown that a variety of lipid film based detectors can be reused after storage in air, even after few months, and can be reproducibly fabricated with simplicity and low cost. These nanosensors have fast response times and are easy to construct at quite lesser cost than chromatography-based instrumentation; they can be also used as rapid hand-held detectors complimentary to these methods for in-field and market measurements in foods and for environmental monitoring. 
